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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a substrate 
processing device and a substrate processing method 
which can inject liquid drips having a desired 
temperature on the substrate surface and can improve 
the substrate processing efficiency thereby. 
SOLUTION: The substrate processing device treats a 
surface of a wafer W by injecting the liquid drips formed 
by mixing gas and liquid on the surface of the wafer W. 
The device is provided with a soft spray nozzle 21 that 
forms the liquid drips by mixing the gas and the liquid 
and injects the liquid drips on the surface of the 
substrate, an etching liquid supplying pipe 220 and a 
rinsing liquid supplying pipe 221 to supply the etching 
liquid and the rinsing liquid each to the soft spray nozzle 
21, and a nitrogen gas supplying pipe 222 to supply the 
nitrogen gas to the soft spray nozzle 21. Each of the 
etching liquid supplying pipe 220, the rinsing liquid 
supplying pipe 221, and the nitrogen gas supplying pipe 
222 is provided with temperature controllers 220b, 221b 
and 222b, respectively. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The nozzle which is the substrate processor with which a gas and a liquid inject the 
drop mixed and generated on the surface of a substrate, and process a substrate front face, is 
made to mix a gas and a liquid, is made to generate a drop, and injects this drop on the surface 
of a substrate, The substrate processor characterized by including the liquid supply pipe which is 
connected to this nozzle and supplies a liquid to this nozzle, the gas supply pipe which is 
connected to the above-mentioned nozzle and supplies a gas to this nozzle, and a gas 
temperature control means to adjust the temperature of the gas which circulates this gas supply 
pipe. 

[Claim 2] The substrate processor according to claim 1 characterized by including further a 
liquid temperature control means to adjust the temperature of the liquid which circulates the 
above-mentioned liquid supply pipe. 

[Claim 3] The above-mentioned gas temperature control means and the above-mentioned liquid 
temperature control means are a substrate processor according to claim 2 characterized by 
being what adjusts the gas and liquid of each other which circulate the above-mentioned gas 
supply pipe and a liquid supply pipe, respectively to equal temperature. 
[Claim 4] The above-mentioned nozzle is a substrate processor according to claim 1 to 4 
characterized by being the internal hybrid model two fluid nozzle which has the mixing chamber 
which mixes the liquid from the above-mentioned liquid supply pipe, and the gas from the above- 
mentioned gas supply pipe inside. 

[Claim 5] The process which supplies a liquid to the liquid supply pipe which is the substrate art 
to which a gas and a liquid inject the drop mixed and generated on the surface of a substrate, 
and process a substrate front face, and was connected to the nozzle. The process which 
supplies a gas to the gas supply pipe connected to the above-mentioned nozzle, and the process 
which adjusts the temperature of the gas which circulates the above-mentioned gas supply pipe. 
The substrate art characterized by including the process which injects the drop by which the 
liquid supplied from the above-mentioned liquid supply pipe and the gas supplied from the above- 
mentioned gas supply pipe were mixed and generated towards the front face of a substrate from 
the above-mentioned nozzle. 



[Translation done.] 
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. * NOTICES* 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the substrate processor which injects the drop 
with which the gas and the liquid were mixed on the surface of a substrate, and processes a 
substrate, and a substrate art. Various kinds of substrates, such as a semi-conductor wafer, the 
glass substrate for liquid crystal displays, a glass substrate for plasma displays, a substrate for 
optical disks, a substrate for magnetic disks, a substrate for magneto-optic disks, and a 
substrate for photo masks, are contained in the substrate of a processing object. 
[0002] 

[Description of the Prior Art] In the production process of a semiconductor device, in order to 
wash a semi-conductor wafer (only henceforth a "wafer"), a substrate washing station is used. 
As a substrate washing station of this application, the thing of a configuration of carrying out the 
scrub of the wafer front face with a scrub brush has been used from the former, supplying drug 
solutions (etching reagent etc.) or pure water on the surface of a wafer. However, recently, in 
order to wash to a precision the wafer front face in which the pole detailed pattern was formed, 
it replaces with a scrub brush and the so-called thing of the software scrubber method which 
injects a drop towards a wafer front face from a spray nozzle is adopted increasingly. 
[0003] A spray nozzle is also called a two fluid nozzle and association of a liquid supply pipe and 
a gas supply pipe of it is attained at the nozzle body. By supplying a liquid and a gas to a nozzle 
body by the predetermined flow rate from a liquid supply pipe and a gas supply pipe, the jet of a 
drop is formed of mixing with a gas and a liquid, and the jet of this drop is injected towards a 
wafer front face. In order to heighten the particle removal effectiveness from a wafer front face, 
generally temperature control of a drug solution is performed. This temperature control is 
attained by adjusting the temperature of the drug solution which circulates a liquid supply pipe. 
[0004] 

[Problem(s) to be Solved by the Invention] However, since heat is taken by mixing with a gas 
when adjusting the temperature of a drug solution more highly than a room temperature, the 
temperature fall of a drug solution is not escaped but the temperature of the drop of the drug 
solution which arrives at a wafer front face becomes lower than the adjusted temperature. 
Therefore, the particle removal effectiveness as expected is not necessarily acquired, but there 
is a possibility that washing may become poor. Then, the purpose of this invention is offering the 
substrate processor and substrate art which can solve an above-mentioned technical technical 
problem, can inject the drop of desired temperature on a substrate front face, and can raise 
substrate processing effectiveness by this. 
[0005] 

[The means for solving a technical problem and an effect of the invention] Invention according to 
claim 1 for attaining the above-mentioned purpose The nozzle which is the substrate processor 
with which a gas and a liquid inject the drop mixed and generated on the surface of a substrate 
(W), and process a substrate front face, is made to mix a gas and a liquid, is made to generate a 
drop, and injects this drop on the surface of a substrate (21), The liquid supply pipe which is 
connected to this nozzle and supplies a liquid to this nozzle (220,221), It is the substrate 
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processor characterized by including the gas supply pipe (222) which is connected to the above- 
mentioned nozzle and supplies a gas to this nozzle, and a gas temperature control means (222b) 
to adjust the temperature of the gas which circulates this gas supply pipe. In addition, the 
alphabetic character in a parenthesis expresses the correspondence component in the below- 
mentioned operation gestalt etc. In the following and this term, it is the same. 
[0006] According to this configuration, the gas by which temperature control was carried out 
with the gas temperature control means is led to a nozzle, and a drop is generated by mixing 
with this gas and the liquid from a liquid supply pipe, and it is injected on a substrate front face. 
Therefore, it can prevent that originate in mixing with a liquid and a gas and heat exchange 
[ **** / un-] arises between a liquid and a gas. Consequently, since the drop of suitable 
temperature can be led to a substrate front face, substrate processing effectiveness can be 
raised. For example, since the temperature of a drop can be adjusted still more correctly by 
establishing further a liquid temperature control means (220b, 221b) to adjust the temperature of 
the liquid which circulates a liquid supply pipe like according to claim 2, the processing 
effectiveness of a substrate can be improved further. 

[0007] If the temperature of the liquid from a liquid supply pipe and the gas from a gas supply 
pipe has a difference, since the heat exchange between a liquid and a gas arises, temperature 
control of a drop can also be performed using this. In this case, a liquid temperature control 
means is not necessarily required. When establishing both a gas temperature control means and 
a liquid temperature control means, it is desirable that it is what adjusts the gas according to 
claim 3 into which a gas temperature control means and a liquid temperature control means 
circulate the above-mentioned gas supply pipe and a liquid supply pipe like, respectively, and the 
liquid of each other to equal temperature. Since the drop by which temperature control was 
carried out strictly can be led to a substrate front face by this, efficient substrate processing is 
possible. 

[0008] The above-mentioned nozzle may be an internal hybrid model two fluid nozzle which has 
the mixing chamber according to claim 4 which mixes the liquid from the above-mentioned liquid 
supply pipe, and the gas from the above-mentioned gas supply pipe inside like. Moreover, the 
above-mentioned nozzle may be an external hybrid model two fluid nozzle which is made to mix 
a gas and a liquid in the air of the exterior of a nozzle, and generates a drop. However, in an 
external hybrid model two fluid nozzle, in performing mixing with a gas and a liquid in the exterior 
of a nozzle and performing mixing of a gas and a liquid inside a nozzle by the internal hybrid 
model two fluid nozzle to a drop diffusing in the shape of an umbrella, since the good drop jet of 
rectilinear-propagation nature can be formed, an internal hybrid model two fluid nozzle cannot 
produce the temperature change of a drop easily. Therefore, substrate processing effectiveness 
with better using an internal hybrid model two fluid nozzle can be attained. 

[0009] A gas temperature control means and a liquid temperature control means may adjust the 
temperature of a gas and a liquid in the range of 40 degrees C - 70 degrees C, respectively. 
Moreover, a liquid temperature control means may be the thing of a configuration of constituting 
for example, some gas supply pipes from a metallic conduit (71), approaching this metallic 
conduit, arranging an electrical heater (72) and a temperature sensor (73), and carrying out 
energization control of the electrical heater based on the detection temperature of a 
temperature sensor. 

[0010] On the other hand, it may be the configuration of performing energization control of a 
heat lamp based on the output of a temperature sensor while a liquid temperature control means 
approaches this quartz tube while constituting for example, some liquid supply pipes [ at least ] 
from a quartz tube (50), and it arranges a heat lamp (61 62) and a temperature sensor (65). 
Generally, without a liquid temperature control means establishing a liquid temperature control 
means, since the configuration is more complicated than a gas temperature control means, only 
temperature control of the gas by the gas temperature control means is performed, and if the 
configuration chiefly performed by the heat exchange between both at the time of mixing with a 
gas and a liquid is used for the temperature control of a liquid, the whole configuration will be 
simplified remarkably. 

[001 1] Invention according to claim 5 is a substrate art to which a gas and a liquid inject the 
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drop mixed and generated on the surface of a substrate (W), and process a substrate front face. 
The process which supplies a liquid to the liquid supply pipe (220,221) connected to the nozzle 
(21), The process which supplies a gas to the gas supply pipe (222) connected to the above- 
mentioned nozzle, It is the substrate art characterized by including the process which injects the 
drop which the process which adjusts the temperature of the gas which circulates the above- 
mentioned gas supply pipe, the liquid supplied from the above-mentioned liquid supply pipe 
towards the front face of the above-mentioned nozzle to a substrate, and the gas supplied from 
the above-mentioned gas supply pipe were mixed, and was generated. 

[0012] By this approach, the effectiveness described in relation to invention of claim 1 and the 

same effectiveness can be attained. 

[0013] 

[Embodiment of the Invention] Below, the gestalt of implementation of this invention is explained 
to a detail with reference to an accompanying drawing. Drawing 1 is a conceptual diagram for 
explaining the configuration of the substrate processor concerning 1 operation gestalt of this 
invention. This substrate processor is a substrate washing station for the so-called software 
scrubber processing to wash the front face of the wafer W which is a kind of a substrate. This 
substrate processor is equipped with the spin chuck 10 which holds Wafer W almost horizontally 
and rotates, the scanning nozzle device 20 in which the software spray nozzle 21 is made to 
rock along the top face of the wafer W held at the spin chuck 10, and the rear-face nozzle 14 for 
supplying processing liquid towards the center of the rear face (inferior surface of tongue) of the 
wafer W held at the spin chuck 10. 

[0014] The pinching pawl 13 is set up at the method edge of the outside of the radius-of- 
gyration direction of this spin base 12, and a spin chuck 10 is constituted while it attaches the 
spin base 12 in the upper limit of the revolving shaft 11 of the hollow arranged along the 
direction of a vertical almost horizontally. Two or more pinching pawls 1 3 are formed on the spin 
base 1 2, and hold the location where the hoop directions of Wafer W differ by two or more 
places. Rotation driving force is given to a revolving shaft 1 1 from the rotation drive 1 5. The 
wafer W which was pinched by the pinching pawl 13 and held almost horizontally by this will 
rotate to the circumference of the axis of rotation O which meets in the direction of a vertical. 
[0015] The rear-face nozzle 14 consists of a processing liquid supply pipe formed so that a 
revolving shaft 1 1 might be inserted in, and it has delivery 14a which carried out opening to the 
upper limit near the inferior-surface-of^ongue center of Wafer W. The etching reagent (drug 
solution) from an etching-reagent source of supply is given through the etching-reagent charging 
line 140 and etching-reagent supply bulb 140a, and also the rinse (pure water) from a rinse 
source of supply is given to this rear-face nozzle 14 through the rinse charging line 141 and 
rinse supply bulb 141a. 

[0016] By opening alternatively etching-reagent supply bulb 140a or rinse supply bulb 141a, an 
etching reagent or pure water can be supplied in the center of a rear face of Wafer W from the 
rear-face nozzle 14. When a spin chuck 10 rotates in this condition, the processing liquid (an 
etehing reagent or rinse) supplied to the rear face of Wafer W will be led to the method side of 
the outside of the radius-of^gyration direction according to a centrifugal force, and processing 
liquid will spread throughout the rear face of Wafer W. 

[0017] The scanning nozzle device 20 is equipped with the fixed pivot 24 established along the 
direction of a vertical in the side of a spin chuck 10, the swinging arm 23 fixed almost 
horizontally near the upper limit of this fixed pivot 24, and the software spray nozzle 21 fixed to 
the point of this swinging arm 23. The revolution drive 25 which carries out the rotation drive of 
this fixed pivot 24 at the circumference of the axis of rotation G which meets in the direction of 
a vertical is combined with the fixed pivot 24. Furthermore, the revolution drive 25 and a fixed 
pivot 24 go up and down with the rise-and-faii drive 40. 

[0018] The software spray nozzle 21 is the so-called two fluid nozzle of an internal hybrid model, 
and the gas induction 21 1, the liquid induction 210, and the drop formation discharge part 212 
are connected, and it is constituted. The gas induction 21 1, the liquid induction 210, and the drop 
formation discharge part 21 2 all have the tubing configuration, these are connected with a serial, 
and the software spray nozzle 21 is constituted. The drop formation discharge part 212 stands in 
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a row in the lower limit of taper section 212a to which a bore becomes small, and this 212a as it 
is connected with the lower part edge of the liquid induction 210 and goes caudad, and it has 
straight section 212b of a straight pipe configuration with a uniform bore. 

[0019] The gas induction 21 1 has the major diameter which engages with the top section of the 
liquid induction 210, and the narrow diameter portion which this major diameter stands in a row 
caudad, and arrives at even the building envelope of the drop formation discharge part 212, it 
tapers off in that interior, and gas installation way 21 1a of a configuration is formed. To the liquid 
induction 210, liquid installation way 210a for introducing a liquid carries out opening, and is 
formed in the side at it, and this liquid installation way 210a is open for free passage to the 
space SP 1 of the shape of a ring between the narrow diameter portion of the gas induction 211, 
and the wall of the liquid induction 210. This space SP 1 is open for free passage through the 
space SP 2 of the shape of a ring between the narrow diameter portion of the gas induction 211, 
and the wall of the drop formation discharge part 212 with the building envelope SP 3 (mixing 
chamber) of taper section 212a of the drop formation discharge part 212. 

[0020] The nitrogen charging line 222 which supplies the nitrogen from the source of nitrogen 
gas supply is connected to gas installation way 211a of the gas induction 211. Filter 220c, 
temperature-controller 222b, and nitrogen gas supply bulb 222a are infixed in the section 
sequentially from the source side of nitrogen gas supply in the middle of this nitrogen charging 
line 222. The rinse charging line 221 and the etching-reagent charging line 220 are connected to 
liquid installation way 210a. Temperature-controller 220b and etching-reagent supply bulb 220a 
are infixed in the section sequentially from the etching-reagent source-of^supply side in the 
middle of the etching-reagent charging line 220. Moreover, temperature-controller 221b and 
rinse supply bulb 221a are infixed in the section sequentially from the rinse source-of-supply 
side in the middle of the rinse charging line 221. 

[0021] In the software spray nozzle 21, the gas supplied from gas installation way 211a and the 
gas supplied through space SP1 and SP2 from liquid installation way 210a will be mixed in space 
SP 3, consequently a drop will be formed. It is accelerated by taper section 212a, and this drop 
is injected towards Wafer W through straight section 212b. The jet of this drop has very good 
rectilinear— propagation nature by work of straight section 212b. 

[0022] The particle size of a drop is 5 micrometers - 20 micrometers. Moreover, the flow rate of 
the gas (nitrogen gas) supplied to the software spray nozzle 21 has desirable 501. 1001. part 
for /- and thing [ a part for /], and the flow rate of the liquid (an etching reagent or rinse) 
supplied to the software spray nozzle 21 has desirable 100ml 150ml part for /- and thing [ a part 
for /]. 10rpm - 1000rpm is suitable for the rotational speed (rotational speed of a spin chuck 10) 
of Wafer W. 

[0023] Thermoregulators 220b, 221b, and 222b all carry out temperature control of an etching 
reagent, a rinse, and the nitrogen gas to equal temperature (for example, 40 degrees C - 70 
degrees C), respectively. Therefore, when a gas and a liquid are mixed in space SP 3 (mixing 
chamber), the temperature exchange between a gas and a liquid does not arise. Therefore, the 
drop of the etching reagent by which temperature control was carried out good, or a rinse can be 
led to the front face of Wafer W. Thereby, efficient processing of Wafer W is attained. 
[0024] At the time of processing of the wafer W by the software spray nozzle 21, a spin chuck 
10 rotates by work of the rotation drive 15, etching-reagent supply bulb 220a or rinse supply 
bulb 221a is opened, and nitrogen gas supply bulb 222a is opened further. While the lower limit of 
straight section 212b is arranged by work of the rise-and-fall drive 40 near the wafer W with it, a 
swinging arm 23 is made to rock by work of the revolution drive 25. By this, the processing 
location P1 of the wafer W front face to which the jet of the drop from the software spray nozzle 
21 is led will be repeatedly moved from the center of rotation WO of Wafer W to the method 
edge cf the outside of a radius of gyration. 

[0025] At this time, Kaisei of etching-reagent supply bulb 140a or the rinse supply bulb 141a is 
carried out if needed, and an etching reagent or a rinse is supplied in the center of a rear face of 
Wafer W from the rear-face nozzle 14. Drawing 2 is an illustration-perspective view for explaining 
the example of a configuration of thermoregulator 220b for performing temperature control of an 
etching reagent This temperature-controller 220b is equipped with the drug solution tank 50 and 
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the lamp heaters 61 and 62 made from the quartz with which the drug solution (etching reagent) 
which circulates the etching-reagent charging line 220 circulates. The drug solution tank 50 has 
the shape of a direct cylindrical shape mostly, on the other hand, has the drug solution inflow 
port 51 in an end face, and has the drug solution outflow port 52 in the another side end face. 
Furthermore, the cylindrical shape insertion holes 53 and 54 which insert both-ends face-to- 
face in the drug solution tank 50 are formed along the direction of an axis. The straight pipe-like 
lamp heaters 61 and 62 are inserted in these cylindrical shape insertion holes 53 and 54, 
respectively. The temperature sensor 65 is arranged at the peripheral surface of the drug 
solution tank 50, and a controller 70 controls the energization to the lamp heaters 61 and 62 
based on the output of this temperature sensor 65. 

[0026] By infixing this temperature-controller 220b in the etching-reagent charging line 220, the 
temperature of the etching reagent which circulates the etching-reagent charging line 220 can 
be adjusted. Temperature-controller 221b infixed in the rinse charging line 221 is also 
temperature-controller 220b for etching reagents with the same configuration substantially. 
Drawing 3 is the illustration-perspective view showing the example of a configuration of 
thermoregulator 222b infixed in the nitrogen gas supply piping 222. This temperature-controller 
222b is equipped with the heating-wire heater 72 arranged spirally on the metal piping 71 
arranged at zigzag, and this metal piping 71. the metal piping 71 is contacted, the temperature 
sensor (or the heat transfer member which the heat from the metal piping 71 is delivered — 
contacting) 73 is formed, and a controller 75 controls the energization to the heating-wire heater 
72 based on the output of this temperature sensor 73. By this configuration, the metal piping 71 
can be adjusted to the temperature of a request of the circulating gas. 

[0027] As mentioned above, while temperature control of the etching reagent supplied to the 
software spray nozzle 21 and a rinse is performed according to this operation gestalt, the 
temperature of the nitrogen gas mixed with these liquids is also adjusted. And the nitrogen gas, 
rinse, or etching reagent adjusted by equal temperature is mixed by the software spray nozzle 
21, and the drop of an etching reagent or a rinse is injected towards the front face of Wafer W. 
Since heat exchange does not arise between the nitrogen gas of equal temperature, a rinse, or 
an etching reagent, the drop of the etching reagent of desired temperature or a rinse can be 
certainly led to the front face of Wafer W, and, thereby, the front face of Wafer W can be 
processed efficiently. 

[0028] Although explanation of 1 operation gestalt of this invention is as above, this invention 
can also carry it out with other gestalten. For example, although the above-mentioned operation 
gestalt explained the substrate processor which used the two fluid nozzle of an internal hybrid 
model as a software spray nozzle 21, the two fluid nozzle of an external hybrid model may be 
used as a software spray nozzle 21. In the gas induction 82 of a major diameter, it fits into the 
same axle and the external hybrid model two fluid nozzle consists of liquid induction 81 and this 
liquid induction 81, as shown in drawing 4 . 

[0029] The liquid induction 81 has penetrated the gas induction 82 mostly, and liquid supply way 
81a formed in the interior is opening it for free passage to the outer space near the nozzle tip. 
On the other hand, the gas induction 82 has gas inlet 82a on the side face, and this gas inlet 82a 
is opening it for free passage in the interior of the gas induction 82 to the space 83 formed 
between that wall and outer wall of the liquid induction 81. the collar with which the point of the 
liquid induction 81 spread in the method of outside — it forms in a configuration — having — 
**** — this collar — the gas path 84 which makes between the above-mentioned space 83 and 
the outer space near the tip of the software spray nozzle concerned open for free passage is 
formed in the configuration section. 

[0030] While supplying a liquid to liquid supply way 81a, when a gas is supplied from gas inlet 82a, 
in the outer space 85 near a nozzle tip, a liquid and a gas will be mixed by this configuration in 
the air, and a drop will be formed of it This drop is injected along the direction of the blowdown 
of a liquid and a gas, i.e., the shaft orientations of the liquid induction 81. However, in this 
external hybrid model two fluid nozzle, the jet of a drop spreads with the not not much sufficient 
rectilinear-propagation nature of a drop in the shape of an umbrella as compared with an internal 
hybrid model two fluid nozzle. 
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[0031] Since the rectilinear-propagation nature of a drop jet is good while mixing with a gas and 
a liquid is performed inside a nozzle in an internal hybrid model two fluid nozzle when an internal 
hybrid model two fluid nozzle is compared with an external hybrid model two fluid nozzle, it is 
advantageous at the point which it is hard to produce the temperature change of a drop, and can 
supply the drop of desired temperature to the front face of Wafer W certainly. Therefore, 
substrate processing that effectiveness is more high is possible by using an internal hybrid model 
two fluid nozzle as a software spray nozzle 21. 

[0032] Moreover, while adjusting the temperature of nitrogen gas by temperature-controller 
222b, although [ the above-mentioned operation gestalt ] the temperature of an etching reagent 
and a rinse is adjusted with temperature controllers 220b and 221b, the temperature controllers 
220b and 221b for an etching reagent and a rinse can be excluded, and a configuration can also 
be simplified further. In this case, it is desirable to set up by thermoregulator 222b more highly 
than the drop temperature of a request of the temperature of nitrogen gas. Thereby, by mixing of 
the nitrogen gas in the software spray nozzle 21 and an etching reagent, or a rinse, heat 
exchange arises between nitrogen gas, an etching reagent, or a rinse, and the drop of desired 
temperature can be turned to the front face of Wafer W, and can be injected, the configuration of 
temperature-controller 222b for nitrogen gas is markedly boiled as compared with the 
configuration of the temperature controllers 220b and 221b for an etching reagent or a rinse, and 
it can be contributed to the cost cut of a substrate processor while a configuration becomes 
remarkably easy, since it is simple. 

[0033] In addition, it is possible to perform design changes various in the range of the matter 
indicated by the claim. 
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TECHNICAL FIELD 

[Field of the Invention] This invention relates to the substrate processor which injects the drop 
with which the gas and the liquid were mixed on the surface of a substrate, and processes a 
substrate, and a substrate art. Various kinds of substrates, such as a semi-conductor wafer, the 
glass substrate for liquid crystal displays, a glass substrate for plasma displays, a substrate for 
optical disks, a substrate for magnetic disks, a substrate for magneto-optic disks, and a 
substrate for photo masks, are contained in the substrate of a processing object. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] In the production process of a semiconductor device, in order to 
wash a semi-conductor wafer (only henceforth a "wafer"), a substrate washing station is used. 
As a substrate washing station of this application, the thing of a configuration of carrying out the 
scrub of the wafer front face with a scrub brush has been used from the former, supplying drug 
solutions (etching reagent etc.) or pure water on the surface of a wafer. However, recently, in 
order to wash to a precision the wafer front face in which the pole detailed pattern was formed, 
it replaces with a scrub brush and the so-called thing of the software scrubber method which 
injects a drop towards a wafer front face from a spray nozzle is adopted increasingly. 
[0003] A spray nozzle is also called a two fluid nozzle and association of a liquid supply pipe and 
a gas supply pipe of it is attained at the nozzle body. By supplying a liquid and a gas to a nozzle 
body by the predetermined flow rate from a liquid supply pipe and a gas supply pipe, the jet of a 
drop is formed of mixing with a gas and a liquid, and the jet of this drop is injected towards a 
wafer front face. In order to heighten the particle removal effectiveness from a wafer front face, 
generally temperature control of a drug solution is performed. This temperature control is 
attained by adjusting the temperature of the drug solution which circulates a liquid supply pipe. 
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3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[The means for solving a technical problem and an effect of the invention] Invention according to 
claim 1 for attaining the above-mentioned purpose The nozzle which is the substrate processor 
with which a gas and a liquid inject the drop mixed and generated on the surface of a substrate 
(W), and process a substrate front face, is made to mix a gas and a liquid, is made to generate a 
drop, and injects this drop on the surface of a substrate (21), The liquid supply pipe which is 
connected to this nozzle and supplies a liquid to this nozzle (220,221), It is the substrate 
processor characterized by including the gas supply pipe (222) which is connected to the above- 
mentioned nozzle and supplies a gas to this nozzle, and a gas temperature control means (222b) 
to adjust the temperature of the gas which circulates this gas supply pipe. In addition, the 
alphabetic character in a parenthesis expresses the correspondence component in the below- 
mentioned operation gestalt etc. In the following and this term, it is the same. 
[0006] According to this configuration, the gas by which temperature control was carried out 
with the gas temperature control means is led to a nozzle, and a drop is generated by mixing 
with this gas and the liquid from a liquid supply pipe, and it is injected on a substrate front face. 
Therefore, it can prevent that originate in mixing with a liquid and a gas and heat exchange 
[ **** / un -] arises between a liquid and a gas. Consequently, since the drop of suitable 
temperature can be led to a substrate front face, substrate processing effectiveness can be 
raised. For example, since the temperature of a drop can be adjusted still more correctly by 
establishing further a liquid temperature control means (220b, 221b) to adjust the temperature of 
the liquid which circulates a liquid supply pipe like according to claim 2, the processing 
effectiveness of a substrate can be improved further. 

[0007] If the temperature of the liquid from a liquid supply pipe and the gas from a gas supply 
pipe has a difference, since the heat exchange between a liquid and a gas arises, temperature 
control of a drop can also be performed using this. In this case, a liquid temperature control 
means is not necessarily required. When establishing both a gas temperature control means and 
a liquid temperature control means, it is desirable that it is what adjusts the gas according to 
claim 3 into which a gas temperature control means and a liquid temperature control means 
circulate the above-mentioned gas supply pipe and a liquid supply pipe like, respectively, and the 
liquid of each other to equal temperature. Since the drop by which temperature control was 
carried out strictly can be led to a substrate front face by this, efficient substrate processing is 
possible. 

[0008] The above-mentioned nozzle may be an internal hybrid model two fluid nozzle which has 
the mixing chamber according to claim 4 which mixes the liquid from the above-mentioned liquid 
supply pipe, and the gas from the above-mentioned gas supply pipe inside like. Moreover, the 
above-mentioned nozzle may be an external hybrid model two fluid nozzle which is made to mix 
a gas and a liquid in the air of the exterior of a nozzle, and generates a drop. However, in an 
external hybrid mode! two fluid nozzle, in performing mixing with a gas and a liquid in the exterior 
of a nozzle and performing mixing of a gas and a liquid inside a nozzle by the internal hybrid 
model two fluid nozzle to a drop diffusing in the shape of an umbrella, since the good drop jet of 
rectilinear-propagation nature can be formed, an internal hybrid model two fluid nozzle cannot 
produce the temperature change of a drop easily. Therefore, substrate processing effectiveness 
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with better using an internal hybrid model two fluid nozzle can be attained. 

[0009] A gas temperature control means and a liquid temperature control means may adjust the 
temperature of a gas and a liquid in the range of 40 degrees C - 70 degrees C, respectively. 
Moreover, a liquid temperature control means may be the thing of a configuration of constituting 
for example, some gas supply pipes from a metallic conduit (71), approaching this metallic 
conduit, arranging an electrical heater (72) and a temperature sensor (73), and carrying out 
energization control of the electrical heater based on the detection temperature of a 
temperature sensor. 

[0010] On the other hand, it may be the configuration of performing energization control of a 
heat lamp based on the output of a temperature sensor while a liquid temperature control means 
approaches this quartz tube while constituting for example, some liquid supply pipes [ at least ] 
from a quartz tube (50), and it arranges a heat lamp (61 62) and a temperature sensor (65). 
Generally, without a liquid temperature control means establishing a liquid temperature control 
means, since the configuration is more complicated than a gas temperature control means, only 
temperature control of the gas by the gas temperature control means is performed, and if the 
configuration chiefly performed by the heat exchange between both at the time of mixing with a 
gas and a liquid is used for the temperature control of a liquid, the whole configuration will be 
simplified remarkably. 

[001 1] Invention according to claim 5 is a substrate art to which a gas and a liquid inject the 
drop mixed and generated on the surface of a substrate (W), and process a substrate front face. 
The process which supplies a liquid to the liquid supply pipe (220,221) connected to the nozzle 
(21), The process which supplies a gas to the gas supply pipe (222) connected to the above- 
mentioned nozzle, It is the substrate art characterized by including the process which injects the 
drop which the process which adjusts the temperature of the gas which circulates the above- 
mentioned gas supply pipe, the liquid supplied from the above-mentioned liquid supply pipe 
towards the front face of the above-mentioned nozzle to a substrate, and the gas supplied from 
the above-mentioned gas supply pipe were mixed, and was generated. 

[0012] By this approach, the effectiveness described in relation to invention of claim 1 and the 

same effectiveness can be attained. 

[0013] 

[Embodiment of the Invention] Below, the gestalt of implementation of this invention is explained 
to a detail with reference to an accompanying drawing. Drawing 1 is a conceptual diagram for 
explaining the configuration of the substrate processor concerning 1 operation gestalt of this 
invention. This substrate processor is a substrate washing station for the so-called software 
scrubber processing to wash the front face of the wafer W which is a kind of a substrate. This 
substrate processor is equipped with the spin chuck 10 which holds Wafer W almost horizontally 
and rotates, the scanning nozzle device 20 in which the software spray nozzle 21 is made to 
rock along the top face of the wafer W held at the spin chuck 10, and the rear-face nozzle 14 for 
supplying processing liquid towards the center of the rear face (inferior surface of tongue) of the 
wafer W held at the spin chuck 10. 

[0014] The pinching pawl 13 is set up at the method edge of the outside of the radius-of- 
gyration direction of this spin base 12, and a spin chuck 10 is constituted while it attaches the 
spin base 12 in the upper limit of the revolving shaft 1 1 of the hollow arranged along the 
direction of a vertical almost horizontally. Two or more pinching pawls 1 3 are formed on the spin 
base 1 2, and hold the location where the hoop directions of Wafer W differ by two or more 
places. Rotation driving force is given to a revolving shaft 1 1 from the rotation drive 1 5. The 
wafer W which was pinched by the pinching pawl 13 and held almost horizontally by this will 
rotate to the circumference of the axis of rotation O which meets in the direction of a vertical. 
[0015] The rear-face nozzle 14 consists of a processing liquid supply pipe formed so that a 
revolving shaft 1 1 might be inserted in, and it has delivery 14a which carried out opening to the 
upper limit near the inferior-surface-o^-tongue center of Wafer W. The etching reagent (drug 
solution) from an etching-reagent source of supply is given through the etching-reagent charging 
line 140 and etching-reagent supply bulb 140a, and also the rinse (pure water) from a rinse 
source of supply is given to this rear-face nozzle 14 through the rinse charging line 141 and 
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rinse supply bulb 141a. 

[0016] By opening alternatively etching-reagent supply bulb 140a or rinse supply bulb 141a, an 
etching reagent or pure water can be supplied in the center of a rear face of Wafer W from the 
rear-face nozzle 14. When a spin chuck 10 rotates in this condition, the processing liquid (an 
etching reagent or rinse) supplied to the rear face of Wafer W will be led to the method side of 
the outside of the radius-of-gyration direction according to a centrifugal force, and processing 
liquid will spread throughout the rear face of Wafer W. 

[0017] The scanning nozzle device 20 is equipped with the fixed pivot 24 established along the 
direction of a vertical in the side of a spin chuck 10, the swinging arm 23 fixed almost 
horizontally near the upper limit of this fixed pivot 24, and the software spray nozzle 21 fixed to 
the point of this swinging arm 23. The revolution drive 25 which carries out the rotation drive of 
this fixed pivot 24 at the circumference of the axis of rotation G which meets in the direction of 
a vertical is combined with the fixed pivot 24. Furthermore, the revolution drive 25 and a fixed 
pivot 24 go up and down with the rise-and-fall drive 40. 

[0018] The software spray nozzle 21 is the so-called two fluid nozzle of an internal hybrid model, 
and the gas induction 21 1, the liquid induction 210, and the drop formation discharge part 212 
are connected, and it is constituted. The gas induction 211, the liquid induction 210, and the drop 
formation discharge part 212 all have the tubing configuration, these are connected with a serial, 
and the software spray nozzle 21 is constituted. The drop formation discharge part 212 stands in 
a row in the lower limit of taper section 212a to which a bore becomes small, and this 212a as it 
is connected with the lower part edge of the liquid induction 210 and goes caudad, and it has 
straight section 212b of a straight pipe configuration with a uniform bore. 

[0019] The gas induction 21 1 has the major diameter which engages with the top section of the 
liquid induction 210, and the narrow diameter portion which this major diameter stands in a row 
caudad, and arrives at even the building envelope of the drop formation discharge part 212, it 
tapers off in that interior, and gas installation way 21 1a of a configuration is formed. To the liquid 
induction 210, liquid installation way 210a for introducing a liquid carries out opening, and is 
formed in the side at it, and this liquid installation way 210a is open for free passage to the 
space SP 1 of the shape of a ring between the narrow diameter portion of the gas induction 21 1, 
and the wall of the liquid induction 210. This space SP 1 is open for free passage through the 
space SP 2 of the shape of a ring between the narrow diameter portion of the gas induction 211, 
and the wall of the drop formation discharge part 212 with the building envelope SP 3 (mixing 
chamber) of taper section 212a of the drop formation discharge part 212. 

[0020] The nitrogen charging line 222 which supplies the nitrogen from the source of nitrogen 
gas supply is connected to gas installation way 211a of the gas induction 211. Filter 220c, 
temperature-controller 222b, and nitrogen gas supply bulb 222a are infixed in the section 
sequentially from the source side of nitrogen gas supply in the middle of this nitrogen charging 
line 222. The rinse charging line 221 and the etching-reagent charging line 220 are connected to 
liquid installation way 210a. Temperature-controller 220b and etching-reagent supply bulb 220a 
are infixed in the section sequentially from the etching-reagent source-of-supply side in the 
middle of the etching-reagent charging line 220. Moreover, temperature-controller 221b and 
rinse supply bulb 221a are infixed in the section sequentially from the rinse source-of^supply 
side in the middle of the rinse charging line 221. 

[0021] In the software spray nozzle 21, the gas supplied from gas installation way 21 1a and the 
gas supplied through space SP1 and SP2 from liquid installation way 210a will be mixed in space 
SP 3, consequently a drop will be formed. It is accelerated by taper section 212a, and this drop 
is injected towards Wafer W through straight section 212b. The jet of this drop has very good 
rectilinear-propagation nature by work of straight section 212b. 

[0022] The particle size of a drop is 5 micrometers - 20 micrometers. Moreover, the flow rate of 
the gas (nitrogen gas) supplied to the software spray nozzle 21 has desirable 50I. 1001. part 
for /- and thing [ a part for /], and the flow rate of the liquid (an etching reagent or rinse) 
supplied to the software spray nozzle 21 has desirable 100ml 150ml part for /- and thing [ a part 
for /]. 10rpm - 1000rpm is suitable for the rotational speed (rotational speed of a spin chuck 10) 
of Wafer W. 
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[0023] Thermoregulators 220b, 221b, and 222b all carry out temperature control of an etching 
reagent, a rinse, and the nitrogen gas to equal temperature (for example, 40 degrees C - 70 
degrees C), respectively. Therefore, when a gas and a liquid are mixed in space SP 3 (mixing 
chamber), the temperature exchange between a gas and a liquid does not arise. Therefore, the 
drop of the etching reagent by which temperature control was carried out good, or a rinse can be 
led to the front face of Wafer W. Thereby, efficient processing of Wafer W is attained. 
[0024] At the time of processing of the wafer W by the software spray nozzle 21, a spin chuck 
10 rotates by work of the rotation drive 15, etching-reagent supply bulb 220a or rinse supply 
buib 221a is opened, and nitrogen gas supply bulb 222a is opened further. While the lower limit of 
straight section 212b is arranged by work of the rise-and-fall drive 40 near the wafer W with it, a 
swinging arm 23 is made to rock by work of the revolution drive 25. By this, the processing 
location P1 of the wafer W front face to which the jet of the drop from the software spray nozzle 
21 is led will be repeatedly moved from the center of rotation WO of Wafer W to the method 
edge of the outside of a radius of gyration. 

[0025] At this time, Kaisei of etching-reagent supply bulb 140a or the rinse supply bulb 141a is 
carried out if needed, and an etching reagent or a rinse is supplied in the center of a rear face of 
Wafer W from the rear-face nozzle 14. Drawing 2 is an illustration-perspective view for explaining 
the example of a configuration of thermoregulator 220b for performing temperature control of an 
etching reagent. This temperature-controller 220b is equipped with the drug solution tank 50 and 
the lamp heaters 61 and 62 made from the quartz with which the drug solution (etching reagent) 
which circulates the etching-reagent charging line 220 circulates. The drug solution tank 50 has 
the shape of a direct cylindrical shape mostly, on the other hand, has the drug solution inflow 
port 51 in an end face, and has the drug solution outflow port 52 in the another side end face. 
Furthermore, the cylindrical shape insertion holes 53 and 54 which insert both-ends face-to- 
face in the drug solution tank 50 are formed along the direction of an axis. The straight pipe-like 
lamp heaters 61 and 62 are inserted in these cylindrical shape insertion holes 53 and 54, 
respectively. The temperature sensor 65 is arranged at the peripheral surface of the drug 
solution tank 50, and a controller 70 controls the energization to the lamp heaters 61 and 62 
based on the output of this temperature sensor 65. 

[0026] By infixing this temperature-controller 220b in the etching-reagent charging line 220, the 
temperature of the etching reagent which circulates the etching-reagent charging line 220 can 
be adjusted. Temperature-controller 221b infixed in the rinse charging line 221 is also 
temperature-controller 220b for etching reagents with the same configuration substantially. 
Drawing 3 is the illustration-perspective view showing the example of a configuration of 
thermoregulator 222b infixed in the nitrogen gas supply piping 222. This temperature-controller 
222b is equipped with the heating^wire heater 72 arranged spirally on the metal piping 71 
arranged at zigzag, and this metal piping 71. the metal piping 71 is contacted, the temperature 
sensor (or the heat transfer member which the heat from the metal piping 71 is delivered — 
contacting) 73 is formed, and a controller 75 controls the energization to the heating-wire heater 
72 based on the output of this temperature sensor 73. By this configuration, the metal piping 71 
can be adjusted to the temperature of a request of the circulating gas. 

[0027] As mentioned above, while temperature control of the etching reagent supplied to the 
software spray nozzle 21 and a rinse is performed according to this operation gestalt, the 
temperature of the nitrogen gas mixed with these liquids is also adjusted. And the nitrogen gas, 
rinse, or etching reagent adjusted by equal temperature is mixed by the software spray nozzle 
21, and the drop of an etching reagent or a rinse is injected towards the front face of Wafer W. 
Since heat exchange does not arise between the nitrogen gas of equal temperature, a rinse, or 
an etching reagent, the drop of the etching reagent of desired temperature or a rinse can be 
certainly led to the front face of Wafer W, and, thereby, the front face of Wafer W can be 
processed efficiently. 

[0028] Although explanation of 1 operation gestalt of this invention is as above, this invention 
can also carry it out with other gestalten. For example, although the above-mentioned operation 
gestalt explained the substrate processor which used the two fluid nozzle of an internal hybrid 
model as a software spray nozzle 21, the two fluid nozzle of an external hybrid model may be 
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used as a software spray nozzle 21. In the gas induction 82 of a major diameter, it fits into the 
same axle and the external hybrid model two fluid nozzle consists of liquid induction 81 and this 
liquid induction 81, as shown in drawing 4 . 

[0029] The liquid induction 81 has penetrated the gas induction 82 mostly, and liquid supply way 
81a formed in the interior is opening it for free passage to the outer space near the nozzle tip. 
On the other hand, the gas induction 82 has gas inlet 82a on the side face, and this gas inlet 82a 
is opening it for free passage in the interior of the gas induction 82 to the space 83 formed 
between that wall and outer wall of the liquid induction 81. the collar with which the point of the 
iiquid induction 81 spread in the method of outside — it forms in a configuration — having — 
**** — this collar — the gas path 84 which makes between the above-mentioned space 83 and 
the outer space near the tip of the software spray nozzle concerned open for free passage is 
formed in the configuration section. 

[0030] While supplying a liquid to liquid supply way 81a, when a gas is supplied from gas inlet 82a, 
in the outer space 85 near a nozzle tip, a liquid and a gas will be mixed by this configuration in 
the air, and a drop will be formed of it. This drop is injected along the direction of the blowdown 
of a liquid and a gas, i.e., the shaft orientations of the liquid induction 81. However, in this 
external hybrid model two fluid nozzle, the jet of a drop spreads with the not not much sufficient 
rectilinear-propagation nature of a drop in the shape of an umbrella as compared with an internal 
hybrid model two fluid nozzle. 

[0031] Since the rectilinear-propagation nature of a drop jet is good while mixing with a gas and 
a liquid is performed inside a nozzle in an internal hybrid model two fluid nozzle when an internal 
hybrid model two fluid nozzle is compared with an external hybrid model two fluid nozzle, it is 
advantageous at the point which it is hard to produce the temperature change of a drop, and can 
supply the drop of desired temperature to the front face of Wafer W certainly. Therefore, 
substrate processing that effectiveness is more high is possible by using an internal hybrid model 
two fluid nozzle as a software spray nozzle 21. 

[0032] Moreover, while adjusting the temperature of nitrogen gas by temperature-controller 
222b, although [ the above-mentioned operation gestalt ] the temperature of an etching reagent 
and a rinse is adjusted with temperature controllers 220b and 221b, the temperature controllers 
220b and 221b for an etching reagent and a rinse can be excluded, and a configuration can also 
be simplified further. In this case, it is desirable to set up by thermoregulator 222b more highly 
than the drop temperature of a request of the temperature of nitrogen gas. Thereby, by mixing of 
the nitrogen gas in the software spray nozzle 21 and an etching reagent, or a rinse, heat 
exchange arises between nitrogen gas, an etching reagent, or a rinse, and the drop of desired 
temperature can be turned to the front face of Wafer W, and can be injected, the configuration of 
temperature-controller 222b for nitrogen gas is markedly boiled as compared with the 
configuration of the temperature controllers 220b and 221b for an etching reagent or a rinse, and 
it can be contributed to the cost cut of a substrate processor while a configuration becomes 
remarkably easy, since it is simple. 

[0033] In addition, it is possible to perform design changes various in the range of the matter 
indicated by the claim. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, since heat is taken by mixing with a gas 
when adjusting the temperature of a drug solution more highly than a room temperature, the 
temperature fall of a drug solution is not escaped but the temperature of the drop of the drug 
solution which arrives at a wafer front face becomes lower than the adjusted temperature. 
Therefore, the particle removal effectiveness as expected is not necessarily acquired, but there 
is a possibility that washing may become poor. Then, the purpose of this invention is offering the 
substrate processor and substrate art which can solve an above-mentioned technical technical 
problem, can inject the drop of desired temperature on a substrate front face, and can raise 
substrate processing effectiveness by this. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a conceptual diagram for explaining the configuration of the substrate processor 
concerning 1 operation gestalt of this invention. 

[Drawing 2 ] It is an illustration-perspective view for explaining the example of a configuration of 
the thermoregulator for performing temperature control of an etching reagent. 
[Drawin g 3] It is the illustration-perspective view showing the example of a configuration of the 
thermoregulator for the temperature control of nitrogen gas. 

[ Drawin g 4] It is a sectional view for explaining the configuration of an external hybrid model two 
fluid nozzle. 

[Description of Notations] 
10 Spin Chuck 
15 Rotation Drive 

20 Scanning Nozzle Device 

21 Software Spray Nozzle 

23 Swinging Arm 

24 Fixed Pivot 

25 Revolution Drive 
40 Rise-and-Fall Drive 

50 Drug Solution Tank 50 

51 Drug Solution Inflow Port 

52 Drug Solution Outflow Port 

53 54 Cylindrical shape insertion hole 
61 62 Lamp heater 

65 Temperature Sensor 

70 Controller 

71 Metal Piping 

72 Heating-Wire Heater 

73 Temperature Sensor 
75 Controller 

81 Liquid Induction 
81a Liquid supply way 

82 Gas Induction 
82a Gas inlet 

84 Gas Path 

140 Etching-Reagent Charging Line 
140a Etching-reagent supply bulb 

141 Rinse Charging Line 
141a Rinse supply bulb 

210 Liquid Induction 

210a Liquid installation way 

21 1 Gas Induction 
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21 1a Gas installation way 

212 Drop Formation Discharge Part 

212a Taper section 

212b Straight section 

220 Etching-Reagent Charging Line 
220a Etching-reagent supply bulb 
220b Thermoregulator 

220c Filter 

221 Rinse Charging Line 
221a Rinse supply bulb 
221b Thermoregulator 

222 Nitrogen Gas Supply Piping 
222 Nitrogen Charging Line 
222a Nitrogen gas supply bulb 
222b Thermoregulator 

222b Gas thermoregulator 
P1 Processing location 
SP1 Space 
SP2 Space 
SP3 Space 

SP3 Space (mixing chamber) 
W Wafer 
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DRAWINGS 



[Dr awing 1] 



222b^ ^222c 




[Drawing 2] 
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220b 




[ Drawin g 3] 

222b 



73 J 
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